Because of their unique ability to form endospores, Clostridium species can be recovered from mixed populations in which they are greatly outnumbered by other components of the flora. Spore selection techniques are routinely used in the laboratory diagnosis of botulism (3) (4) (5) and food-borne illness caused by C. perfringens (3-5, 9, 11-13) and are also useful in studies of the intestinal flora (12) . Although heat treatment is commonly used to select for spores, heat resistance of spores varies with species and among different strains of the same species. For example, spores of C. botulinum type E are much more sensitive to heat than are spores of other toxin types of this species (9) . This fact may account for some failures to isolate C. botulinum in studies in which specimens were heated at 800C for 10 to 30 min to kill the vegetative cells of contaminants and to heat shock the spores of any C. botulinum (9) . The heat resistance of C. perfringens spores also varies. Although it was once assumed that only strains with more heat-resistant (1000C for 1 h) spores could cause food poisoning, it is now apparent that strains with less heat-resistant spores also cause illness (13) . Besides the fact that some spores will not survive at 800C for 10 or 15 min, it has been reported that certain nonsporeforming bacteria may survive heating at 800C for 10 min (11) .
Ethyl alcohol (ethanol) has little effect on bacterial spores but is toxic for vegetative cells (8) . Johnston and colleagues (7) described an ethanol spore selection procedure to facilitate the isolating of C. botulinum type E from macerated fish. They first cultured the food sample in an enrichment broth and then incubated the culture for 3 days at 300C and mixed equal volumes of the enrichment culture and absolute ethanol, which were allowed to stand for 1 h at 25°C. Plates of agar media were inoculated with aliquots of this ethanol-culture mixture to obtain isolated colonies of C. botulinum, and tubes of broth medium were inoculated to test for botulinal toxin production. Although the ethanol spore selection method for isolating clostridia has been recommended for several years (3, 11), we have found no published data to document the efficacy of this procedure since the original paper by Johnston et al. in 1964 (7) .
This study was performed to compare the heat treatment and ethanol treatment procedures used routinely in our laboratory (4) (4) and incubating the cultures at 35°C in an anaerobic glove box (4) . After four successive transfers in this medium, a 12-h culture was used for the study. Cultures of the facultative anaerobes and obligate aerobes were prepared similarly except that the thioglycolate broth was not prereduced and all inoculations, transfers, and incubations were done under aerobic conditions.
To obtain large numbers of spores, Clostridium and Bacillus cultures were incubated in cooked-meat broth (4) for 5 days at ambient temperature. The broth was prereduced for at least 18 h in the anaerobic glove box before it was inoculated with the clostridia. After incubation, each culture was thoroughly mixed. One-milliliter aliquots of the cooked meat and thioglycolate culture were used for heat shock and ethanol treatment. In addition, a quantitative plate count was performed on each culture to determine the concentration of colony-forming units (CFU) per ml of culture before spore selection. Spore selection techniques. (i) Heat shock. The heat shock procedure for spore selection was a modification of the method described in the CDC manual (4). One-milliliter aliquots of cooked-meat broth and thioglycolate cultures were heated in an 80°C water bath for 15 min and then transferred to a cool water bath at 25°C for 30 min.
(ii) Alcohol treatment. An aliquot (0.5 ml) of a cooked-meat or thioglycolate broth culture and 0.5 ml of absolute ethanol were rotated in screw-capped tubes at 33 rpm on a circular rotator (Orbimixer, Curtis Nuclear Corp., Los Angeles, Calif.) for 1 h at room temperature. To determine the most effective ethanol concentration and exposure time for isolating spores of two Clostridium species (C. botulinum type A and C. bifernentans) and five facultatively anaerobic organisms in cooked-meat broth, 5-day cultures were tested by varying the time they were mixed in the rotator (15, 30, 45, and 60 min) and the concentration of absolute ethanol (10, 25, 50, and 70%) used in the procedure.
(iii) Quantitative determinations. Each heattreated, ethanol-treated, and untreated culture was serially diluted to 10' by preparing 10-fold dilutions in prereduced buffered gelatin (4). Dilutions of anaerobic cultures were made in an anaerobic chamber.
Anaerobe blood agar plates were inoculated with 0.1 ml of the 10'2 10', 106 dilutions and undiluted culture (4) . The blood agar medium contained an agar concentration of 2.5% instead of the usual 1.5%. Sterile glass "hockey sticks" were used to spread the inoculum. Two blood agar plates were used with each dilution. The plates were incubated at 35°C in an anaerobic system for quantitation of obligately anaerobic organisms and in candle extinction jars for the facultatively anaerobic and aerobic bacteria. After 48 to 72 h of incubation, colony counts were performed on plates with 30 to 300 colonies. The results from duplicate plates were averaged, and the CFU per ml of ethanol-treated, heat-shocked, and untreated cultures were calculated.
(iv) Intestinal content sample. A sample of largebowel contents was obtained during colonoscopic examination. The colonoscope was gas sterilized before the examination, and oxygen-free nitrogen gas was used to inflate the bowel. After the specimen was collected in a sterile trap, 1 ml of the sample was mixed with 1 ml of absolute ethanol and rotated at 33 rpm for 1 h as described above. The sample was then serially diluted with gelatin diluent in an anaerobic chamber, and blood agar plates were inoculated as described above. After 72 h of incubation at 35°C under anaerobic conditions, the plates were examined and the colonies of each different colony type were counted. Two colonies of each colony type were subcultured in tubes of thioglycolate broth. Each isolate was described in terms of oxygen tolerance, Gram reaction, cellular morphology, colonial characteristics on blood agar, reactions on egg yolk agar, various biochemical tests, and gas-liquid chromatography as described in the CDC manual (4). The dry weight of the intestinal content sample was determined by drying three 1-ml aliquots on tarred squares of aluminum foil for 48 h in a 90°C hot-air oven, cooling them in a desiccator, and weighing them on an analytical balance.
RESULTS
More CFU of Bacillus and Clostridium species were recovered from 5-day cooked-meat broth cultures after ethanol treatment than after heat treatment (Table 1) . No CFU of C. butyricum, C. tertium, or C. septicum were detected after heat treatment of cultures. Eight of nine 12-h thioglycolate broth cultures of Clostridium species had similar CFU per ml after ethanol treatment and heat shock. Growth of clostridia (CFU) decreased 2-to 100-fold after ethanol treatment of 12-h cultures (except C. botulinum type E) but decreased only slightly in ethanoltreated, 5-day cooked-meat cultures (Table 1) .
Although 107 CFU per ml were present in untreated cultures of the nonsporeforming aerobes and facultative anaerobes used in this study, no CFU were detected after ethanol or heat treatment.
The number of CFU in C. botulinum type A and C. bifermentans cultures after ethanol treatment changed only slightly as the time of exposure to 50% ethanol was varied (Table 2) . Although large numbers of S. epidermidis and S.
aureus were left after 30 min of exposure, no viable organisms of either of these were found 
